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Executive Summary

This report provides a summary of the various investigations that have been conducted at the
solid waste management unit (SWMU)-1, Landfill No. 6 (Landfill 6), Tinker Air Force Base
(AFB), Oklahoma. This report has been prepared to determine and document whether
sufficient investigations have been performed at Landfill 6 to meet regulatory requirements.
Tinker AFB is located in central Oklahoma, in the southeast portion of the Oklahoma City
metropolitan area, in Oklahoma County. The Base is bounded by Sooner Road to the west,
Douglas Boulevard to the east, Interstate 40 to the north, and Southeast 74th Street to the
south. The Base encompasses approximately 5,000 acres.

Background. Tinker AFB began operations in 1942 and serves as a worldwide repair depot
for a variety of aircraft, weapons, and engines. These activities require the use of hazardous
materials and result in the generation of hazardous wastes. These wastes have included spent
organic solvents, waste oils, waste paint strippers and sludges, electroplating wastewaters and
sludges, alkaline cleaners, acids, FreonTM, jet fuels, and radium paints.

In 1984, Congress amended the Resource Conservation and Recovery Act (RCRA) with the
Hazardous and Solid Waste Amendments (HSWA), which allow EPA to require, as a permit
condition, a facility to undertake corrective action for any release of hazardous waste or
contaminants from any SWMU at a treatment, storage, and disposal (TSD) facility. On
January 12, 1989, Tinker AFB submitted its Part B permit application for renewal of its
operating RCRA Hazardous Waste Storage facility permit. The final RCRA HSWA permit
issued on July 1, 1991, requires Tinker AFB to investigate all SWMUs and areas of concern
(AOC) and to perform corrective action at those identified as posing a threat to human health
and the environment. The permit specifies that a RCRA Facility Investigation (RFI) be
conducted for 43 identified SWMUs and two AOCs on the Base. This document has been
prepared to determine whether sufficient investigations have been conducted to meet the
permit requirements for Landfill 6.

Source Description. Landfill 6 is located on land leased from Oklahoma City and is
adjacent to the western edge of the Engineering Installation Division (EID), also referred to as
Area D. The EID and Landfill 6 are located on Southeast 59th Street, approximately one-half
mile east of Tinker AFB.
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Landfill 6 was operated from 1970 to 1979. Records indicate that the site was used for the
disposal of general refuse, industrial refuse, and sludges from industrial wastewater treatment
plants. General refuse consisted of items such as paper, lumber, leaves, branches, food, and
household wastes. Disposal of industrial waste material consisted of items such as paint,
insecticide, and solvent containers. Approximately 500,000 cubic yards (yd3) of waste
material, in total, was disposed of in the landfill during its operating history. Although 40
acres were available at the site, only about 25 acres were used by the landfill prior to closing
in 1979. Trenches in the western half of the landfill were filled with refuse, as well as two
additional trenches in the eastern half, adjacent to Southeast 59th Street.

Site Investigations. A number of studies (Engineering Science [ES], 1982; Radian
Corporation [Radian], 1985a,b; CH2M Hill, 1986; U.S. Army Corps of Engineers [USACE],
1993a; CDM Federal Programs Corporation [CDM], 1992) have been conducted at Landfill 6,
for various objectives. One of these objectives was to determine the nature and extent of
contamination potentially introduced into the environment as a result of past waste disposal
practices at Landfill 6.

Soils. Background soil concentrations for trace metals were determined based on a study
performed by the U.S. Geological Survey (USGS) (1991). The USGS study provided metals
analysis for 293 soil samples taken over at four-county area in central Oklahoma with Tinker
AFB at the approximate center of the study site. Site-specific metal analyses from soil
samples were compared to background levels as presented in the USGS study.

During RI activities performed by the USACE under the IRP, samples were obtained from 20
soil borings drilled into the landfill renches at Landfill 6. Although the samples contained
waste products representative of the disposed waste material, they were also samples of the
soil cover material used daily to cover and compact the deposited wastes. The soil samples
were analyzed for metals, total organic carbon (TOC), cyanide, pH, electric conductivity (EC),
volatile organic compounds (VOC), semivolatile organic compounds (SVOC), and pesticides
(USACE, 1993a). VOCs, SVOCs, and cyanide were detected sporadically and with varying
concentrations throughout the landfill. Metals and TOC were also detected throughout the
landfill with varying concentrations.

Groundwater. Groundwater beneath Landfill 6 has been investigated through the installa-
tion and sampling of several groundwater monitoring wells located throughout the site. As a
result of several phases of investigation, a total of 18 monitoring wells have been installed to
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monitor the upper saturated zone (USZ). USZ groundwater within five of the landfill

trenches was also sampled on a one-time basis during the USACE’s remedial investigation
(RI) activities. The saturated zone beneath the USZ, identified as the lower saturated zone
(LSZ), has been investigated through the installation and sampling of 14 monitoring wells.

From 1986 through 1987, groundwater samples from available wells were analyzed for total
and dissolved metals, TOC, oil and grease, chloride, sulfate, cyanide, pH, EC, VOCs, SVOCs,
and pesticides. Sampling of all available monitoring wells was performed again in August
through October 1988, and then again in September 1989. These samples were analyzed for
total metals, TOC, chloride, sulfate, cyanide, pH, EC, VOCs, and SVOCs.

As a result of the 1991 focused RI performed by CDM, six newly installed and six existing
wells were sampled for chloride, sulfate, and TDS in August 1991 and again in April 1992.
Additional sampling of select groundwater monitoring wells was performed in October and
November 1991 by CDM as a result of a separate groundwater monitoring program for
Tinker AFB. Sampling of all wells was again performed in 1992 and 1994 under the Long-
Term Monitoring of Groundwater Quality Program (Weston, 1993).

Trench Water. Several metals, VOCs, and SVOCs were detected in the trench water
samples. Concentrations of cadmium, trans-1,2-dichloroethene, and 1,2-dichloropropane
exceeded maximum contaminant levels (MCL), and cadmium, lead, and chromium concentra-
tions exceeded the SWMU corrective action levels (CAL) in the trench water.

USZ. The majority of groundwater contamination in the USZ was found to be in the western
portions of the landfill site. The primary metal contaminants were arsenic, barium, cadmium,
chromium, lead, and nickel, with barium having the highest frequency of occurrence and
concentration. Arsenic, cadmium, lead, and nickel concentrations exceeded the MCLs and
SWMU CALs in several samples.

VOCs and SVOCs were sporadically detected throughout the USZ. Methylene chloride,
acetone, 1,1-dichloroethane, trichloroethene, and fuel-related compounds are the primary
VOC:s at the site. The primary SVOCs detected at the site were bis(2-ethylhexyl)phthalate,
di-n-octyl phthalate, diethyl phthalate, and 1,4-dichlorobenzene. These compounds were
considered primary due to the frequency and concentrations throughout the site.
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Methylene chloride, bis(2-chloroethyl)ether, bis(2-ethylhexyl)phthalate, cis-1,2-dichloroethene,
and tetrachloroethene concentrations exceeded the SWMU CALs, and 1,2-dichloroethane,
benzene, trichloroethene, and vinyl chloride concentrations exceeded the MCLs in several

samples.

TOC and chloride also appeared in elevated levels in the USZ. The wells with higher TOC
concentrations are located to the west of the landfill trenches.

Lower Saturated Zone. Nickel concentrations exceeded the SWMU CAL, and cadmium,
chromium, lead, and barium concentrations exceeded the MCLs in several samples. VOCs
and SVOCs were also detected sporadically in the LSZ. Methylene chloride, bis(2-ethylhex-
yl)phthalate, and tetrachloroethene concentrations exceeded the SWMU CALs, and benzene
and trichloroethene exceeded the MCLs in several samples.

Sediments. Stream sediment from a tributary to Stanley Draper Lake was sampled in 1986
as a part of the RI activities conducted by the USACE. Six samples were taken from the
stream bottom along the eastern and southern sections of the stream to investigate any
contamination of the creeks near Landfill 6. Sediment samples were analyzed for total
metals, TOC, cyanide, pH, EC, VOCs, SVOCs, and pesticides.

Arsenic, barium, chromium, and selenium were detected in all of the sediment samples.
However, only selenium was detected above background in all the samples. Methylene
chloride and acetone were the only organic compounds detected in relatively high concentra-
tions, but none exceeded the action levels.

Conclusions. The various investigations conducted at Landfill 6 confirmed and concluded
that the USZ underneath the site was primarily contaminated with metals and organic
constituents leached from the landfill. Aquifer contamination was mainly concentrated in the
western part of the landfill as a result of groundwater flow in the westerly direction. The
deeper LSZ groundwater was found to be contaminated with both metals and some organic
but to a lesser extent as compared to the USZ. The source of contamination in the lower
aquifer was attributed to downward migration of the contaminated groundwater from the USZ.

Evaluation of current and previously collected data confirms the previous studies in conclud-
ing that contaminants have migrated away from the site. The concentration levels of these
contaminants in downgradient wells exceeds the action levels. This condition indicates a need
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for a Corrective Measure Study (CMS) to be undertaken as soon as possible. Groundwater
monitoring also should be continued to keep track of contaminant migration.

Recommendations. Based on the data evaluations, there is evidence of contaminant
migration away from the site. The presence of these constituents in downgradient wells at
concentration levels exceeding the action levels indicates a need for a CMS of the releases
from Landfill 6 be undertaken immediately. The CMS is intended to provide sufficient data
necessary for developing a corrective action plan (CAP) to remediate the releases from the
site. The CAP will involve identifying potential remedial alternatives that will:

» Prevent further migration of the groundwater plume.

» Remediate or stabilize the source of groundwater contamination north of Landfill
6.

It is recommended that the following be implemented:

* A CMS be conducted as soon as possible to remediate the release of the contam-
inants from the landfill.

» Groundwater monitoring be continued in the downgradient wells, MW-63, MW-
64, MW-65, MW-66, and MW-67 to keep track of contaminant migration while
the CMS is underway.

+ Collect site-specific soil background samples to be used in addition to USGS soil
data to distinguish site-related from background concentrations in a statistically
significant manner during the Phase II investigation.
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1.0 Introduction

1.1 Purpose and Scope

This document has been prepared in response to the U.S. Department of the Air Force, Tinker
Air Force Base (AFB), Oklahoma request for a Resource Conservation and Recovery Act
(RCRA) Facility Investigation (RFI) Summary Report for solid waste management unit
(SWMU)-1, Landfill No. 6 (Landfill 6).

The objective of this RFI Summary Report is to provide Tinker AFB with one comprehensive
report that summarizes the various investigations that have occurred at Landfill 6 since the
first environmental investigation was initiated on Base in 1981. The purpose of this com-

prehensive summary document is to:

» Characterize the site (Environmental Setting).

» Define the source (Source Characterization).

» Define the degree and extent of contamination (Contamination Characterization).
+ Identify actual or potential receptors.

+ Identify all action levels for the protection of human health and the environment.

Additionally, this document briefly describes the procedures, methods, and results of all
previous investigations that relate to Landfill 6 and contaminant releases, including informa-
tion on the type and extent of contamination at the site, and actual or potential receptors.
Where previous investigations, reports, or studies were not comprehensive and did not furnish
the information required to determine the nature and extent of contamination, future work that
can be conducted to complete the investigation has been recommended.

1.2 Preface

In 1980, Congress passed the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) to address the cleanup of hazardous waste disposal sites across the
country. CERCLA gave the president authority to require responsible parties to remediate the
sites or to undertake response actions through use of a fund (the Superfund). The president,
through Executive Order 12580, delegated the U.S. Environmental Protection Agency (EPA)
with the responsibility to investigate and remediate private party hazardous waste disposal
sites that created a threat to human health and the environment. The president delegated
responsibility for investigation and cleanup of federal facility disposal sites to the various
federal agency heads. The Defense Environmental Restoration Program (DERP) was formally
established by Congress in Title 10 U.S. Code (USC) 2701-2707 and 2810. DERP provides
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centralized management for the cleanup of U.S. Department of Defense (DOD) hazardous
waste sites consistent with the provisions of CERCLA, as amended by the Superfund
Amendments and Reauthorization Act of 1986 (SARA), the National Qil and Hazardous
Substances Pollution Contingency Plan (NCP) (40 Code of Federal Regulations [CFR] 300),
and Executive Order 12580. To support the goals of DERP, the Installation Restoration
Program (IRP) was developed to identify, investigate, and clean up contamination at installa-

tions.

Under the Air Force IRP, Tinker AFB began a Phase I study similar to a preliminary
assessment/site investigation (PA/SI) in 1981 (Engineering Science [ES], 1982). This study
helped locate 14 sites that needed further investigation. Phase II studies were performed in
1983 (Radian Corporation [Radian], 1985a,b).

In 1986, Congress amended CERCLA through SARA. SARA waived sovereign immunity for
federal facilities. This act gave EPA authority to oversee the cleanup of federal facilities and
to have the final authority for selecting the remedial action at federal facilities placed on the
National Priorities List (NPL) if the EPA and the relevant federal agency cannot concur in the
selection. Congress also codified DERP (SARA Section 211), establishing a fund for the
DOD to remediate its sites because the Superfund is not available for the cleanup of federal
facilities. DERP specifies the type of cleanup responses that the fund can be used to address.

In response to SARA, the DOD realigned its IRP to follow the investigation and cleanup
stages of the EPA:

. PA/SI

. Remedial investigation/feasibility study (RI/FS)

. Record of Decision (ROD) for selection of a remedial action
. Remedial design/remedial action.

In 1984, Congress amended RCRA with the Hazardous and Solid Waste Amendments
(HSWA) which allow the EPA to require, as a permit condition, a facility to undertake
corrective action for any release of hazardous waste or constituents from any SWMU at a
treatment, storage, and disposal (TSD) facility. On January 12, 1989 Tinker AFB submitted
its Part B permit application for renewal of its operating RCRA hazardous waste storage
facility permit.
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EPA, in the Hazardous Waste Management Permit for Tinker AFB, dated July 1, 1991,
identified 43 SWMUs and two areas of concern (AOC) on Tinker AFB that need to be
addressed. This permit requires Tinker AFB to investigate all SWMUs and AOCs and to
perform corrective action at those identified as posing a threat to human health or the
environment. This RFI Summary Report has been prepared to determine whether sufficient
investigations have been conducted to meet the permit requirements for Landfill 6 and to
document all determinations.

1.3 Facility Description

Tinker AFB is located in central Oklahoma, in the southeast portion of the Oklahoma City
metropolitan area, in Oklahoma County (Figure 1-1) with its approximate geographic center
located at 35° 25’ latitude and 97° 24’ longitude (U.S. Geological Survey [USGS], 1978).
The Base is bounded by Sooner Road to the west, Douglas Boulevard to the east, Interstate
40 to the north, and Southeast 74th Street to the south. An additional area east of the main
Base is used by the Engineering Installation Division (EID) and is known as Area D. The
Base encompasses approximately 5,000 acres. Tinker AFB began operations in 1942 and
serves as a worldwide repair depot for a variety of aircraft, weapons, and engines. These
activities require the use of hazardous materials and result in the generation of hazardous
wastes. These wastes have included spent organic solvents, waste oils, waste paint strippers
and sludges, electroplating wastewaters and sludges, alkaline cleaners, acids, Freon™, jet
fuels, and radium paints. Wastes that are currently generated are managed at two permitted
hazardous waste storage facilities. However, prior to enactment of RCRA, industrial wastes
were discharged into unlined landfills and waste pits, streams, sewers, and ponds. Past
releases from these landfills, pits, etc., as well as from underground tanks, have occurred. As
a result, there are numerous sites of soil, groundwater, and surface water contamination on the
Base.

The various reports generated as a result of investigative activities conducted at the

Landfill 6 have been reviewed and evaluated in terms of the sites’ status under RCRA regula-
tions. A summary based on the review of these reports for Landfill 6 is presented in the
following chapters and sections. In addition, recommendations for additional work is given at
the end of the summary report.

1.4 Site Description
Landfill 6 is located on land leased from Oklahoma City and is adjacent to the western edge

of the EID, also referred to as Area D. The EID is a research and support unit for Air Force
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communications and electronic engineering research and applications. The EID and Landfill
6 are located on Southeast 59th Street, approximately one-half mile east of Tinker AFB. A
total of 40 acres was earmarked for the landfill, but only 25 acres were used for waste
disposal. The location of Landfill 6 relative to the Base is shown in Figure 1-2.
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2.0 Background

2.1 Site Operations and History

Tinker AFB was originally known as the Midwest Air Depot and began operations in July
1941. The site was activated March 1942. During World War II, the depot was responsible
for reconditioning, modifying, and modemnizing aircraft, vehicles, and equipment.

General refuse generated from these operations has been disposed of in at least six landfills
located on the Base property or leased land adjacent to the Base. One of these landfills,
Landfill 6, is located on land leased from Oklahoma City.

Landfill 6 was operated from 1970 to 1979. Records indicate that the site was used for the
disposal of general refuse, industrial refuse, and sludges from industrial wastewater treatment
plants (U.S. Army Corps of Engineers [USACE], 1993a). General refuse consisted of items
such as paper, lumber, leaves, branches, food, and household wastes. Disposal of industrial
waste material consisted of items such as paint, insecticide, and solvent containers. Approxi-
mately 500,000 cubic yards (yd3) of waste material, in total, was disposed of in the landfill
during its operating history. Although 40 acres were available at the site, only about 25 acres
were used by the landfill prior to closing in 1979. Trenches in the western half of the landfill
were filled with refuse, as well as two additional trenches in the eastern half, adjacent to
Southeast 59th Street.

2.2 Summary of Previous Investigations

Records Search, Installation Restoration Program, Phase I. Site investigations of
Landfill 6 for the Tinker AFB IRP date back to the early 1980s. At that time, the Tinker
AFB IRP initiated an investigation to determine the nature and extent of contamination at
Landfill 6. Phase I, which was executed by ES, implemented a records search to review
current and past waste disposal practices to evaluate potential sources of contamination. Also,
during that time a private well (the Ainsworth Well) north of Landfill 6 was sampled and
found to be contaminated by organic compounds. It was not determined whether Landfill 6
was the source of these contaminants (ES, 1982).

Field Evaluation, IRP Phase Il, Stages 1 and 2. Phase II field investigations were
initiated in 1983 by Radian Corporation (Radian, 1985a). The purpose of these efforts was to
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determine if any environmental contamination had occurred due to disposal and management
practices at Landfill 6. Radian’s field investigation reported the existence of a shallow
perched aquifer (upper saturated zone [USZ]) at and just below the lower landfill trench
boundaries. Radian also located the lower saturated zone (LLSZ) beneath the landfill. Three
shallow and three deep monitoring wells were installed to monitor the USZ and LSZ water
quality. Numerous synthetic organic contaminants were found in samples collected from both

aquifers.

Hydrogeologic Investigation. CH2M Hill was employed in 1986 to define in more detail
the hydrogeology of the area surrounding Landfill 6. Two shallow and two deep wells were
installed along the borders of the site. Three test borings were drilled to a depth of 150 feet
to assess lithology beneath the site. The subsurface investigations reported the existence of
several perched aquifers underlying and surrounding the site as a result of horizontal and
discontinuous impeding shale layers. CH2M Hill investigations described infiltration of
surface water to the regional aquifer as both vertical and horizontal flow, "cascading" as it
bypasses these impermeable (impeding) layers (CH2M Hill, 1986).

Remedial Investigation Report. Between 1986 and 1990, Tinker AFB employed the
USACE to conduct a remedial investigation of Landfill 6. USACE was to determine the
nature and extent of contaminants and their possible migration route throughout the site.
USACE investigations included a records search, ground-penetrating radar survey, stream
sediment sampling, and the installation of 17 monitoring wells and 20 trench borings. Four
soil borings around the Tinker AFB perimeter were taken to determine background levels of
metals, volatile organic compounds (VOC), and semivolatile organic compounds (SVOC).
Water and soil samples from the monitoring wells, trenches, and borings, and stream sediment
samples were tested for total metals, total organic carbon (TOC), chloride, sulfate, pH,
electric conductivity (EC), VOCs, and SVOCs.

Using the results from these tests, the USACE concluded that the perched USZ underneath
the site was primarily contaminated with metal-laden leachate derived from Landfill 6. Those
metals posing the greatest threat to groundwater quality (above drinking water standards
[DWS]) were found to be arsenic, barium, cadmium, chromium, and lead.

USACE tests for the presence of volatile and semivolatile organics also indicated that several
organic compounds had migrated from Landfill 6 and contaminated the underlying perched

aquifer. These contaminants include methylene chloride; acetone; 1,1-dichloroethane;
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trichloroethene (TCE); benzene, toluene, ethyl benzene, and xylene (BTEX); diethyl phthalate;
bis(2-ethylhexyl)phthalate; di-n-octyl phthalate; diethyl phthalate; and 1,4-dichlorobenzene.
Aquifer contamination was more concentrated underneath the western half of the landfill; this
variation was attributed to the westward gradient of the perched aquifer.

The deeper LSZ was found to be contaminated with metals and organics to a lesser extent.
The source of contamination in the lower zone was attributed to downward migration of
contaminated groundwater from the perched water table within Landfill 6. Barium, cadmium,
and chromium were the only contaminants exceeding DWSs. Organics detected include,
methylene chloride, acetone, TCE, benzene, and toluene. The USACE estimated a westward
contaminant plume migration rate of 70 feet per year.

The USACE surmised that the primary route of contaminant transport was through horizontal
and vertical groundwater flow from the perched aquifer lying within and below the disposal
trenches (USACE, 1993).

Focused Remedial Investigation Report. An investigation of Landfill 6 was conducted
during 1991 and 1992 by CDM Federal Programs Corporation (CDM) under contract to
Battelle Environmental Management Operations (BEMO). The purpose of this phase of work
was to determine if a source upgradient of Landfill 6 could be contributing to elevated
concentrations of chlorides, sulfates, and total dissolved solids (TDS) found in groundwater
samples from monitoring wells at the site. CDM was tasked to assist BEMO with the
technical support necessary to gather groundwater data for these ions and TDS concentrations
upgradient of the landfill.

CDM'’s technical support consisted of the installation, development, and sampling of six wells
upgradient of Landfill 6 and sampling six existing wells. Three of the new wells were
installed in the lower aquifer zone, at depths between 99 and 120 feet below the ground
surface. Three wells were installed in the USZ, at depths of 20 to 50 feet below grade. The
new wells, plus the six existing wells at Landfill 6, were sampled on two separate field
excursions to determine concentration levels of chloride, sulfate, and TDS. Field parameters
measured included pH, oxidation reduction potential, conductivity, and temperature.

CDM'’s general conclusions, based on analytical data and analysis of groundv;/ater flow
patterns, were that upgradient sources were probably not responsible for the elevated levels of

chloride, sulfate, and TDS (CDM, 1992).
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Groundwater Monitoring Program Sampling and Analysis. During October through
November 1991, CDM sampled select groundwater monitoring wells from several sites at
Tinker AFB. Included in this sampling schedule were 13 monitoring wells at Landfill 6. The
report of findings (CDM, 1993) named several contaminants in the groundwater, confirming
earlier reports of contamination due to inorganics and synthetic organic compounds migrating
from the landfill into the groundwater. Figure 2-1 shows the locations of monitoring wells at
Landfill 6.

Preliminary data is available from the February 1994 sampling event conducted under the
Groundwater Monitoring Program. This data has been included within this report; however,
this data is in preliminary draft form and has not undergone formal validation and is,
therefore, subject to modification.

2.3 Current Regulatory Status

The IRP has been ongoing at Tinker AFB since the early 1980s. IRP studies on the Base
were conducted according to IRP guidance, which is essentially the same as EPA’s guidance
for conducting RI/FS under CERCLA. All investigation and removal actions have been
closely monitored and approved by the EPA.

Since receiving the Hazardous Waste Management Permit on July 1, 1991, many of the IRP
sites have come under the jurisdiction of the RCRA permits branch of EPA. As such, they
have been identified as SWMUs; however, a large amount of work has already been per-
formed at most of these sites under the IRP. Additional investigation at the SWMUs will be
performed under the IRP.
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3.0 Environmental Setting

3.1 Topography and Drainage
3.1.1 Topography

Regional/Tinker AFB. The topography of Oklahoma City and surrounding area varies from
generally level to gently rolling in appearance. Local relief is primarily the result of
dissection by erosional activity or stream channel development. At Oklahoma City, surface
elevations are typically in the range of 1,070 to 1,400 feet mean sea level (msl). At Tinker
AFB, ground surface elevations vary from 1,190 feet msl near the northwest corner where
Crutcho Creek intersects the Base boundary to approximately 1,320 feet msl at Area D (EID).

Site. The Landfill 6 site is located on leased land just east of Tinker AFB and ranges in
elevation from approximately 1,280 feet msl to 1,314 feet msl. The disposal area was located
at the crest of a low hill, with drainage away from the site generally to the north before
entering tributaries to Stanley Draper Lake.

3.1.2 Surface Drainage

Regional/Tinker AFB. Drainage of Tinker AFB land areas is accomplished by overland
flow of runoff to diversion structures and then to area surface streams, which flow intermit-
tently. The northeast portion of the Base is drained primarily by unnamed tributaries of
Soldier Creek, which is itself a tributary of Crutcho Creek. The north and west sections of
the Base, including the main instrument runway, drain to Crutcho Creek, a tributary of the
North Canadian River. Two small unnamed intermittent streams crossing installation
boundaries south of the main instrument runway generally do not receive significant quantities
of Base runoff due to site grading designed to preclude such drainage. These streams, when
flowing, extend to Stanley Draper Lake, approximately one-half mile south of the Base.

Site. Surface drainage in the vicinity of Landfill 6 is influenced by the engineered clay cap
in place at the site. The cap was designed to divert surface drainage away from the landfill
to a centrally located drainage ditch, as well as to ditches along the perimeter of the cap.
Ultimately, surface drainage is intercepted by tributaries leading to Stanley Draper Lake, to
the south of Tinker AFB.
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3.2 Geology

3.2.1 Regional/Tinker AFB Geology

Tinker AFB is located within the Central Redland Plain Section of the Central Lowland
physiographic province, which is tectonically stable. No major fault or fracture zones have
been mapped near Tinker AFB. The major lithologic units in the area of the Base are
relatively flat-lying and have a regional westward dip of about 0.0076 foot per foot (ft/ft)
(Bingham and Moore, 1975).

Geologic formations that underlie Tinker AFB include, from oldest to youngest, the Welling-
ton Formation, Garber Sandstone, and the Hennessey Group; all are Permian in age.

All geologic units immediately underlying Tinker AFB are sedimentary in origin. The Garber
Sandstone and Wellington Formation are commonly referred to as the Garber-Wellington
Formation due to strong lithologic similarities. These formations are characterized by fine-
grained, calcareously-cemented sandstones interbedded with shale. The Hennessey Group
consists of the Fairmont Shale and the Kingman Siltstone. It overlies the Garber-Wellington
Formation along the eastern portion of Cleveland and Oklahoma counties. Quaternary
alluvium is found in many undisturbed streambeds and channels located within the area.

Stratigraphy. Tinker AFB lies atop a sedimentary rock column composed of strata that
ranges in age from Cambrian to Permian above a Precambrian igneous basement. Quaternary
alluvium and terrace deposits can be found overlying bedrock in and near present-day stream
valleys. At Tinker AFB, Quaternary deposits consist of unconsolidated weathered bedrock,
fill material, wind-blown sand, and interfingering lenses of sand, silt, clay, and gravel of
fluvial origin. The terrace deposits are exposed where stream valleys have downcut through
older strata and have left them topographically above present-day deposits. Alluvial sedi-
ments range in thickness from less than a foot to nearly 20 feet.

Subsurface (bedrock) geologic units which outcrop at Tinker AFB and are important to
understanding groundwater and contaminant concerns at the Base consist of, in descending
order, the Hennessey Group, the Garber Sandstone, and the Wellington Formation (Table 3-1).
These bedrock units were deposited during the Permian Age (230 to 280 million years ago)
and are typical of redbed deposits formed during that period. They are composed of a
conformable sequence of sandstones, siltstones, and shales. Individual beds are lenticular and
vary in thickness over short horizontal distances. Because lithologies are similar and because
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of a lack of fossils or key beds, the Garber Sandstone and the Wellington Formation are
difficult to distinguish and are often informally lumped together as the Garber-Wellington
Formation. Together, they are about 900 feet thick at Tinker AFB. The interconnected,
lenticular nature of sandstones within the sequence forms complex pathways for groundwater

movement.

The surficial geology of the north section of the Base is dominated by the Garber Sandstone,
which outcrops across a board area of Oklahoma County. Generally, the Garber outcrop is
covered by a veneer of soil and/or alluvium up to 20 feet thick. To the south, the Garber
Sandstone is overlain by outcropping strata of the Hennessey Group, including the Kingman
Siltstone and the Fairmont Shale (Bingham and Moore, 1975). Drilling information obtained
as a result of geotechnical investigations and monitoring well installation confirms the
presence of these units.

Depositional Environment. The Permianage strata presently exposed at the surface in
central Oklahoma were deposited along a low-lying north-south oriented coastline. Land
features included meandering to braided sediment-loaded streams that flowed generally
westward from highlands to the east (ancestral Ozarks). Sand dunes were common, as were
cut-off stream segments that rapidly evaporated. The climate was arid and vegetation sparse.
Off shore the sea was shallow and deepened gradually to the west. The shoreline’s position
varied over a wide range. Isolated evaporitic basins frequently formed as the shoreline
shifted.

Across Oklahoma, this depositional environment resulted in an interfingering collage of
fluviatile and wind-blown sands, clays, shallow marine shales, and evaporite deposits. The
overloaded streams and evaporitic basins acted as sumps for heavy metals such as iron,
chromium, lead, and barium. Oxidation of iron in the arid climate resulted in the reddish
color of many of the sediments. Erosion and chemical breakdown of granitic rocks from the
highlands resulted in extensive clay deposits. Evaporite minerals such as anhydrite (CaSO,),
barite (BaSQ,), and gypsum (CaSO4*2H,0) are common.

Around Tinker AFB, the Hennessey Group represents deposition in a tidal flat environment
cut by shallow, narrow channels. The Hennessey Group is comprised predominantly of red
shales which contain thin beds of sandstone (less than 10 feet thick) and siltstone. In outcrop,
"mudball” conglomerates, burrow surfaces, and dessication cracks are recognized. These units
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outcrop over roughly the southern half of the Base, thickening to approximately 70 feet in the
southwest from their erosional edge (zero thickness) across the central part of Tinker AFB.

In contrast, the Garber Sandstone and the Wellington Formation around Tinker AFB consist
of an irregularly-interbedded system of lenticular sandstones, siltstones, and shales deposited
either in meandering streams in the upper reaches of a delta or in a braided stream environ-
ment. Outcrop units north of Tinker AFB exhibit many small to medium channels with cut
and fill geometries consistent with a stream setting. Sandstones are typically cross-bedded.
Individual beds range in thickness from a few inches to approximately 50 feet and appear
massive, but thicker units are often formed from a series of "stacked" thinner beds. Geophys-
ical and lithologic well logs indicate that from 65 to 75 percent of the Garber Sandstone and
the Wellington Formation are composed of sandstone at Tinker AFB. The percentage of
sandstone in the section decreases to the north, south, and west of the Base. These sand-
stones are typically fine to very fine grained, friable, and poorly cemented. However, where
sandstone is cemented by red muds or by secondary carbonate or iron cements, local thin
"hard" intervals exist along disconformities at the base of sandstone beds. Shales are
described as ranging from clayey to sandy, are generally discontinuous, and range in thickness
from a few inches to approximately 40 feet.

Stratigraphic Correlation. Correlation of geologic units is difficult due to the discontinu-
ous nature of the sandstone and shale beds. However, cross-sections (Figure 3-1) demonstrate
that two stratigraphic intervals can be correlated over large sections of the Base in the
conceptual model. These intervals are represented on geologic cross-sections A-A’ and B-B’
(Figures 3-2 and 3-3). Section A-A’ is roughly a dip section and B-B’ is approximately a
strike section. The first correlatable interval is marked by the base of the Hennessey Group
and the first sandstone at the top of the Garber Sandstone. This interval is mappable over the
southern half of Tinker AFB. The second interval consists of a shale zone within the Garber
Sandstone which, in places, is comprised of a single shale layer and, in other places, of
multiple shale layers. This interval is more continuous than other shale intervals and in cross-
sections appears mappable over a large part of the Base. It is extrapolated under the central
portion of Tinker AFB where little well controls exists.

Structure. Tinker AFB lies within a tectonically stable area; no major near-surface faults or

fracture zones have been mapped near the Base. Most of the consolidated rock units of the
Oklahoma City area dip westward at a low angle. A regional dip of 0.0057 to 0.0076 fi/ft in
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a generally westward direction is supported by stratigraphic correlation on geologic cross-
sections at Tinker AFB. Bedrock units strike slightly west of north.

Although Tinker AFB lies in a tectonically stable area, regional dips are interrupted by buried
structural features located west of the Base. A published east-to-west generalized geologic
cross-section, which includes Tinker AFB, supports the existence of a northwest-trending
structural trough or syncline located near the western margin of the base. The syncline is
mapped adjacent to and just east of a faulted anticlinal structure located beneath the Oklaho-
ma City Oil Field. The fault does not appear to offset Permian-age strata. There are
indications that the syncline may act as a "sink" for some regional groundwater (southwest
flow) at Tinker AFB before it continues to more distant discharge points.

3.2.2 Site Geology

Landfill 6 is located near the contact between the Hennessey Group and the Garber Sandstone
of the Garber-Wellington Formation. Most of the landfill itself is excavated within the
Fairmont Shale unit of the Hennessey Group. This shale unit is relatively thin and ranges in
thickness from 5 to.28 feet. Below the Hennessey Group are discontinuous beds of the
Garber-Wellington Formation. These beds consist of interbedded shales and fine-grained
sandstones. The sandstones are dominant and range in thickness from 1 to 60 feet. Addition-
al lenticular masses of shale are found within the underlying Garber Sandstone. North of the
landfill, the Hennessey Group shales are absent.

3.3 Hydrology

3.3.1 Regional/Tinker AFB Hydrology

The most important source of potable groundwater in the Oklahoma City metropolitan area is
the Central Oklahoma aquifer system. This aquifer extends under much of central Oklahoma
and includes water in the Garber Sandstone and Wellington Formation, the overlying alluvium
and terrace deposits, and the underlying Chase, Council Grove, and Admire Groups. The
Garber Sandstone and the Wellington Formation portion of the Central Oklahoma aquifer
system is commonly referred to as the "Garber-Wellington aquifer” and is considered to be a
single aquifer because these units were deposited under similar conditions and because many
of the best producing wells are completed in this zone. On a regional scale, the aquifer is
confined above by the less permeable Hennessey Group and below by the Late Pennsylvanian
Vanoss Group.
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Tinker AFB lies within the limits of the Garber-Wellington Groundwater Basin. Currently,
Tinker derives most of its water supply from this aquifer and supplements the supply by
purchasing from the Oklahoma City Water Department. The nearby communities of Midwest
City and Del City derive water supplies from both surface sources and wells tapping the
aquifer. Industrial operations, individual homes, farm irrigation, and small communities not
served by a municipal distribution system also depend on the Garber-Wellington aquifer.
Communities presently depending upon surface supplies (such as Oklahoma City) also
maintain a well system drilled into the Garber-Wellington as a standby source of water in the
event of drought.

Recharge of the Garber-Wellington aquifer is accomplished principally by percolation of
surface waters crossing the area of outcrop and by rainfall infiltration in this same area.
Because most of Tinker AFB is located in an aquifer outcrop area, the Base is considered to
be situated in a recharge zone.

According to Wood and Burton (1968) and Wickersham (1979), the quality of groundwater
derived from the Garber-Wellington aquifer is generally good, although wide variations in the
concentrations of some constituents are known to occur. Wells drilled to excessive depths
may encounter a saline zone, generally greater than 900 feet below ground surface. Wells
drilled to such depths or those accidentally encountering the saline zone are either grouted
over the lowest screens or may be abandoned.

Tinker AFB presently obtains its water supplies from a distribution system comprised of 29
water wells constructed along the east and west Base boundaries and by purchase from the
Oklahoma City Water Department. All Base wells are finished into the Garber-Wellington
aquifer. Base wells range from 700 to 900 feet in finished depth, with yields ranging from
205 to 250 gallons per minute. The wells incorporate multiple screens, deriving water
supplies from sand zones with a combined thickness from 103 to 184 feet (Wickersham,
1979).

Although the variability in the geology and the recharge system at Tinker AFB makes it
difficult to predict local flow paths, Central Oklahoma aquifer water table data show that
regional groundwater flow under Tinker varies from west-northwest to southwest, depending
on location. This theory is supported by contoured potentiometric data from base monitoring
wells which show groundwater movement in the upper and lower aquifer zones to generally
follow regional dip. Measured normal to potentiometric contours, groundwater flow gradients
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range from 0.0019 to 0.0057 ft/ft. However, because flow in the near-surface portions of the
aquifer at Tinker AFB is strongly influenced by topography, local stream base-levels, complex
subsurface geology, and location in a recharge area, both direction and magnitude of ground-
water movement is highly variable. The interaction of these factors not only influences
regional flow but gives rise to complicated local, often transient, flow patterns at individual
sites.

As a result of ongoing environmental investigations and the approximately 450 groundwater
monitoring wells installed on the Base during various investigations, a better understanding of
the specific hydrological framework has emerged. The current conceptual model developed
by Tinker AFB (Tinker, 1993), based on the increased understanding of the hydrological
framework, has been revised from an earlier model adopted by the USACE. Previous studies
reported that groundwater was divided into four water-bearing zones: the perched aquifer, the
top of regional aquifer, the regional aquifer, and the producing zone. In the current model,
two principal water table aquifer zones and a third less extensive zone have been identified.
The third is limited to the southwest quadrant. The third aquifer zone consisted of saturated
siltstone and thin sandstone beds in the Hennessey Shale and equates to the upper water
bearing zone (UWBZ) described by the USACE (USACE, 1993b) at Landfills 1 through 4
(SWMUs 3 through 6). In addition, numerous shallow, thin saturated beds of siltstone and
sandstone exist throughout the Base. These are of limited areal extent and are often perched.

In the current conceptual hydrologic model, a USZ and an LSZ are recognized in the interval
from ground surface to approximately 200 feet. Below this is found the producing zone from
which the Base draws much of its water supply Figure 3-4 shows the potentiometric surface
for the USZ and Figure 3-5 shows the potentiometric surface for the LSZ. The USZ exists
mainly under water table (unconfined) conditions, but may be partially confined locally.
Conditions in the LSZ are difficult to determine due to screen placement and overly long
sandpacks below the screen interval.

The USZ is found at a depth of 5 to 70 feet below ground surface and has a saturated
thickness ranging from less than 1 foot at its eastern boundary to over 20 feet in places west
of Building 3001 depending on topography. The USZ is erosionally truncated by Soldier
Creek along the northeastern margin of Tinker AFB. This aquifer zone is considered to be a
perched aquifer over the eastern one-third of Tinker AFB, where it is separated from the LSZ
by an underlying confining shale layer and a vadose zone. The confining interval extends
across the entire Base, but the vadose zone exists over the eastern one-third of this area. The
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available hydrogeologic data indicate that the vadose zone does not exist west of a north-
south line located approximately 500 to 1,000 feet west of the main runway; consequently,
the USZ is not perched west of this line. However, based on potentiometric head data from
wells screened above and below the confining shale layer, the USZ remains a discrete aquifer
zone distinct from the LSZ even over the western part of the Base. In areas where several
shales interfinger to form the lower confining interval rather than a single shale bed, "gaps"
may occur. In general, these "gaps" are not holes in the shale, but are places where multiple
shales exist that are separated by slightly more permeable strata. Hydrologic data from
monitoring wells indicate that these zones allow increased downward flow of groundwater
above what normally leaks through the confining layer.

The LSZ down to a depth of approximately 200 feet appears to be hydraulically interconnect-
ed over most of Tinker. The 200-foot depth was chosen as the base for the current conceptu-
al model since hydrologic data from a few deeper wells indicate that the producing zone
below the LSZ may be hydrologically isolated from the shallower zones at LSZ includes the
top of regional and regional zones referred to in USACE reports.

Due to variations in topography, the top of the lower zone is found at depths ranging from 50
to 100 feet below ground surface under the eastern parts of the Base and as shallow as 30
feet to the west. Differences in potentiometric head values found at successive depths are due
to a vertical (downward) component of groundwater flow in addition to lateral flow and the
presence or absence of shale layers which locally confine the aquifer system. The LSZ
extends east of the Base (east of Soldier Creek) beyond the limits of the USZ where it
becomes the first groundwater zone encountered in off-Base wells. Because of the regional
dip of bedding, groundwater gradient, and topography, the LSZ just east of the Base is
generally encountered at depths less than 20 feet.

3.3.2 Site Hydrology

Landfill 6 is located within an outcrop of the Hennessey Group. Earlier reports indicated
numerous bodies of perched groundwater being located between the landfill and the regional
aquifer (Radian, 1985). A perched water table (USZ) was reported to exist at a depth of 20
feet below the surface. The existence of this high water table was responsible for flooding
several trenches, now covered, in the eastern portion of the site. It was believed that the
presence of one or more shale units underneath the site was responsible for the perched
aquifer, as well as inducing a strong horizontal component of groundwater flow. Local strati-
graphic variations within the USZ created hydraulic gradients varying from 0.0082 ft/ft across
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the landfill to 0.0047 ft/ft west of the landfill, flowing in the vicinity of the landfill, in a
west-to-northwest direction. Average horizontal hydraulic conductivity, as determined by
USACE tests, was 1.0 x 1073 centimeters per second (cm/s). Given an estimated effective
porosity of 20 percent, USACE (1993) reports the average groundwater velocity in this region
to be approximately 47 feet per year.

Groundwater was encountered during the USACE RI at depths of 11 feet for the USZ,
extending to approximately 48 feet below land surface. The LSZ was encountered at a depth
of 68 feet below land surface. Potentiometric surface maps for Landfill 6 are provided as
Figure 3-6 for the USZ, and Figure 3-7 for the LSZ.

3.4 Soils

Three major soil types have been mapped in the Tinker AFB area and are described in Table 3-2
(U.S. Department of Agriculture [USDA], 1969). The three soil types, the Darrell-

Stephenville, Renfrow-Vernon-Bethany, and Dale-Canadian-Port, consist of sandy to fine

sandy loam, silt loam, and clay loam, respectively. The Darrell-Stephenville and the
Renfrow-Vernon-Bethany are primarily residual soils derived from the underlying shales of

the Hennessey Group. The Dale-Canadian-Port association is predominantly a stream-

deposited alluvial soil restricted to stream floodplains. The thickness of the soils ranges from

12 to 60 inches. Landfill 6 lies entirely within the Darrell-Stephenville soil association.
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Tinker AFB Soil Associations

Table 3-2

(Source: USDA, 1969)

soil on low benches near large
streams

Siity clay loam
Loam
Clay loam

Thickness Unified Permeability
Association Description (in.) Classification? (in./hr)

Darrell-Stephenville: loamy Sandy loam 12-54 SM,ML,SC 2.0-6.30
soils of wooded uplands Sandy clay loam

Soft sandstone

(Garber

Sandstone)
Renfrow-Vernon-Bethany: Silt loam - clay 12-60 ML,CL,MH,CH <0.60-0.20
loamy and clayey soils on Clay loam
prairie uplands Shale

(Fairmont Shale)
Dale-Canadian-Port; loamy Fine sandy loam 12-60 SM,ML,CL 0.05-6.30

3Unified classifications defined in U.S. Bureau of Reclamation, 5005-86.
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4.0 Source Characterization

Landfill 6 was used for the disposal of an estimated 500,000 yd3 of sanitary and industrial
refuse generated by Tinker AFB from 1970 to 1979 (Radian, 1985a). Sanitary wastes
deposited in the landfill consisted of items such as paper, lumber, leaves, branches, food, and
other household wastes. Industrial wastes included paint, insecticide, and solvent containers.
Industrial waste sludges were also reported to have been disposed of at Landfill 6. The
landfill is located approximately one-half mile east of the main Base on property leased by
Tinker AFB from Oklahoma City.

Landfill 6 was constructed by excavating a series of parallel trenches. Waste was deposited
within the trenched area and covered with compacted soil. The cover soil type varied from
highly permeable sands to less permeable clays and sand/clay mixtures. After closure of
Landfill 6 in 1979, the trenched areas were covered with an engineered compacted-clay cap to
retard percolation of surface waters through the waste materials and revegetated with grass to
control surface erosion (USACE, 1990).

During the course of the remedial investigations conducted by the USACE, 20 IRP soil
borings were drilled within the landfill trenches. The borings were drilled with an auger to
various depths, with samples of the waste in the trenches collected when encountered. The
waste encountered was composited into one sample for analysis. Upon completion of the
boring, the coordinates and ground elevations were surveyed for each boring. The landfill
was found to cover approximately 25 acres. Geologic logs for the borings are contained in
the USACE 1990 RI report. Table 4-1 contains the waste description and depth of occurrence
for each boring (USACE, 1990). Waste materials were encountered in 19 of the 20 trench
borings.

The solid waste samples were analyzed for metals, TOC, cyanide, pH, EC, volatile organics,
SVOCs, and pesticides. VOCs, SVOCs, and cyanide were detected sporadically and with
various concentrations throughout the landfill. Metals and TOC were also detected through-
out the landfill with various concentrations.

Groundwater was encountered within the landfill trenches during the drilling of the soil
borings. The trench water was sampled to determine the quality of the perched aquifer
beneath Landfill 6. Cover soil material and perched groundwater within the landfill trenches
was found to be contaminated through contact with the waste material disposed of in this
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Table 4-1

Waste
SMWU-1, Landfill 6 Tinker AFB

Boring No. Waste Description Depth (feet)
L6-1 Paper and plastic products 4.0-22.0
L6-2 Paper and plastic products 7.0-13.0
L6-3 Aluminum cans, paper, and plastic products 6.0-25.0
L6-4 Rags, carpet, paper, and plastic products 5.0-20.0
L6-5 Wire, cloth, aluminum cans, paper, and plastic products 5.0-17.0
L6-6 Wire, paper, and plastic products 7.0-27.7
L6-7 Waste paper, plastic, wire 1.5-16.5
L6-8 Rags, scrap metal, plastic hose, paper, and plastic products 5.0-27.5
L6-10 Scrap metal, wire fencing, rags, paper, and plastic products 2.0-10.5
L6-11 Trash mixed with clay and organic material 5.0-15.0
L6-12 Paper and plastic products 8.0-24.0
L6-13 Paper, plastic, rags, wood chips, carpet, wire 12.0-27.0
L6-14 Wood shavings, paper, rags, plastic scrap metal 12.0-35.0
L6-15 Asphalt, cement, wood scraps, paper 7.0-16.0
L6-16 Sawdust, wood shavings, paper, wire, aluminum scraps 13.0-31.0
L6-17 Burned trash, paper, plastic, wire, rags, scrap metal 7.0-36.0
L6-18 Paper and plastic products 12.5-31.5
L6-19 Paper, plastic, scrap metal, wire, aluminum cans 12.0-30.0
L6-21 Waste not found -
L6-22 Paper, wood, plastic 8.0-25.0

Reference: U.S. Army Corps of Engineers (USACE), Rl Report, Landfill 6, December 1990.
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landfill. The nature and extent of soil and groundwater contamination is discussed in detail in
Chapter 5.0, Contaminant Characterization.
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5.0 Contaminant Characterization

Through several phases of investigation, soils, groundwater, and stream sediments have been
randomly sampled for contaminants potentially introduced into the environment as a result of
past waste disposal practices at Landfill 6. Analytical results of samples taken in and around
Landfill 6 indicate concentrations of metals above background levels, as well as VOCs and
SVOCs. Contaminants appear to be sporadic throughout the site, with no continuous
concentrations in any one area.

Soils. During RI activities performed by the USACE under the IRP (USACE, 1990),
samples were obtained from 20 soil borings drilled into the landfill trenches at Landfill 6.
Although the samples contained waste products representative of the disposed waste material,
they were also samples of the soil cover material used daily to cover and compact the
deposited wastes. The soil samples were analyzed for metals, TOC, cyanide, pH, EC, VOCs,
SVOCs, and pesticides. VOCs, SVOCs, and cyanide were detected sporadically and with
varying concentrations throughout the landfill. Metals and TOC were also detected through-
out the landfill with varying concentrations. A summary of organic and inorganic data from
the trench soil samples is provided in Table 5-1.

Background soil concentrations for trace metals were determined based on a study performed
by the USGS (1991). The study area was confined to approximately four counties in central
Oklahoma. Tinker AFB lies at the approximate center of this area. A total of 293 B-horizon
soil samples were collected throughout this area. Soil samples were collected at the top of
the B-horizon, which was usually 20 to 30 centimeters below the surface but ranged from 3 to
50 centimeters below the surface. For site-specific analytes for which the USGS offered no
background value, the analyte was compared to an applicable action level. The background
concentrations are presented in Table 5-2.

The use of B-horizon soil as selected by the USGS for metals background concentrations in
soil is conservative in that the soil sampled does not reflect all possible anthropogenic
influences. Most of the samples were obtained from hill crests and well drained areas in
pasture and forested land, well away from roadways to minimize contamination from
vehicular emissions (i.e., nearly "pristine” areas). Trace metal inputs to the study site soils on
Base, however, will come from anthropogenic sources outside of the study area, in addition to
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Table 5-2

Background Concentrations of Trace Metals in Surface Soils?
SWMU-1, Landfill 6, Tinker AFB

(Page 1 of 2)

Background Concentration Range

Analyte Lower Detection Limit Minimum Value Maximum Value

Concentration in %

Aluminum 0.005 0.38 8.9
Cadmium 0.005 0.01 9.4
Iron 0.005 0.18 58
Magnesium 0.005 0.02 53
Phosphorous 0.005 0.06 0.019
Potassium 0.05 0.1 2.4
Sodium 0.005 0.02 0.99
Titanium 0.005 0.04 0.42

Concentrations in ppm

Arsenic 0.1 0.6 21
Barium 1 47 6400
Beryllium 1 <1 3
Bismuth 10 <DL® <DL
Cadmium 2 <DL <DL
Cerium 4 14 110
Chromium 1 5 110
Cobalt 1 <1 27
Copper 1 <1 59
Europium 2 --¢ -
Gallium 4 <4 23
Gold 8 <DL <DL
Holmium 4 <DL <DL
Lanthanum 2 7 51
Lead 4 <4 27
Lithium 2 5 100
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Table 5-2

(Page 2 of 2)

Background Concentration Range
Analyte Lower Detection Limit Minimum Value Maximum Value
Manganese 10 24 3400
Molybdenum 2 <DL <DL
Neodymium 4 6 47
Nickel 2 <2 61
Niobium 4 <4 16
Scandium 2 <2 15
Selenium 0.1 <0.1 1.2
Silver 2 <DL <DL
Strontium 2 13 300
Tantalum 40 <DL <DL
Thorium 1 <1.40 15.00
Tin 10 <DL <DL
Uranium 0.1 0.650 6.400
Vanadium 2 5 220
Ytterbium 1 <1 3
Yitrium 2 3 43
Zinc 2 3 79

3All B-horizon soil samples (293) from USGS, 1991.
bAll concentrations below the lower limits of determination.
CInsufficient or no data.
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those sources related to disposal activities or operations within the confines of the study site.
However, responsibility may be taken for more trace metal impacts than are actually
attributable to a given site.

An additional level of conservatism was added in the manner in which the site-specific metals
concentrations were compared to the background levels. Typically, the environmental
concentrations of trace metals at study sites are represented by the arithmetic upper g5th
confidence interval on the mean of a normal distribution. This upper 95t confidence interval
value is then compared to the background values. The intent of this typical approach is to
estimate a Reasonable Maximum Exposure case (i.e., well above the average case) that is still
within the range of possible exposures.

To expedite this comparison and establish greater conservatism, the maximum concentration
found at the site of concern, rather than the upper 95t confidence interval value, was
compared to the USGS background values. If the environmental concentration of a particular
analyte was below or within the minimum-maximum range of the USGS background
concentrations, that analyte was considered to be naturally occurring and of no further
concern to this investigation. Given the conservative approach of the comparisons, site-
specific metals concentrations would have to significantly exceed the USGS background
levels and be attributable to operations at the site before they would be considered a contami-
nant of concern.

Groundwater. Groundwater beneath Landfill 6 has been investigated during several
investigations through the installation and sampling of several groundwater monitoring wells
located throughout the site. A total of 18 monitoring wells have been installed to monitor the
USZ (perched) groundwater aquifer. The saturated zone beneath the USZ, identified as the
LSZ, has been investigated through the installation and sampling of 14 monitoring wells.

From 1986 through 1987, groundwater samples from available wells were analyzed for total
and dissolved metals, TOC, oil and grease, chloride, sulfate, cyanide, pH, EC, VOCs, SVOCs,
and pesticides. Sampling of all available monitoring wells was performed again in August
through October 1988, and then again in September 1989. These samples were analyzed for
total metals, TOC, chloride, sulfate, cyanide, pH, EC, VOCs, and SVOCs.

As a result of the 1991 focused RI performed by CDM (1992), six newly installed and six
existing wells were sampled for chloride, sulfate, and TDS in August 1991 and again in April
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1992. Additional sampling of select groundwater monitoring wells was performed in October
and November 1991 by CDM as a result of a separate groundwater monitoring program for
Tinker AFB. Sampling of all wells was performed in 1992 (Weston, 1993) and again in 1994
(IT Corporation, 1994, in progress) for the Long-Term Monitoring of Groundwater Quality

Program.

An analytical summary of trench water samples is presented in Table 5-3. Table 5-4 provides
a summary of 1986 to 1994 analytical results for monitoring wells installed within the USZ
aquifer. Table 5-5 summarizes analytical results from 1986 to 1994 sampling of monitoring
wells installed within the LSZ aquifer. Table 5-6 presents the results of the ion and TDS
sampling performed in 1991 and 1992 on select Landfill 6 monitoring wells.

Sediments. Stream sediment from a tributary to Stanley Draper Lake was sampled in 1986
as a part of the RI activities conducted by the USACE. Six samples were taken from the
stream bottom along the eastern and southern sections of the stream to investigate any
contamination of the creeks near Landfill 6. Sediment samples were analyzed for total
metals, TOC, cyanide, pH, EC, VOCs, SVOCs, and pesticides. A summary of the chemical
analysis of these samples is presented in Table 5-7 (USACE, 1993).

5.1 Constituents of Potential Concern

Analytical results from soil, groundwater, and sediment samples from the Landfill 6 site are
available from past IRP investigation activities. Evaluation of these analytical results for the
specific purpose of identifying constituents of potential concern with respect to both human
health and ecological impacts has not been performed. An interpretation has been made
comparing Landfill 6 analytical results to elemental background concentrations in soils and, in
the case of synthetic organic compounds in groundwater, to appropriate action levels.
Groundwater results were compared to maximum contaminant levels (MCL). If an MCL was
not available for a particular constituent, a comparison to the SWMU corrective action level
(CAL) was made. The following sections summarize these interpretations.

5.2 Soil Characterization

Concentrations of most of the metals in the trench soil samples exceeded the background

. levels. The metals consisted of silver, barium, cadmium, chromium, nickel, lead, and zinc.
Metals detected with concentrations significantly above the background values included
barium, cadmium, lead, and zinc. Barium was detected at 150,000 milligrams per kilogram
(mg/kg) in one sample and had an average concentration of 8,181 mg/kg. The Oklahoma
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Table 5-6

Summary of 1991 and 1992 Analytical Results for lons/TDS,
Select Groundwater Monitoring Wells,
SWMU-1, Landfill 6, Tinker AFB

Chloride (mg/L) Sulfate (mg/L) TDS (mg/L)
Well 1991 1992 1991 1992 1991 1992
1-18 7.5 15.4 88.8E 74 307E 359
1-28 10.1E 11.4 78.0 85 358E 449
1-3S .95E 23 238E 143 60SE 477
55B 157E 103.1 83E 73 743E 716
56B 147E 99.9 176E 165 901E 899
57B 41E 3.1 19.7E 11 908 648
1-1D 222 21.3 <0.3 7 366E 404
1-2D 7.5E 6.4 21.8E 19 343E 339
1-3D 8.8E 7.1 6.0E 7 292E 287
26 83.7E 779 14.2E 12 567E 527
56A 152E 108.5 137E 142 863E 871
57A 35.6E 27 14.0E 8 372E 305

NOTE: E = Estimated value - samples were analyzed after holding time had expired.
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Rose Rock (barium sulphate) occurs as natural deposits in this area of Oklahoma, and has
been encountered at other Tinker sites in high concentrations; therefore, barium is considered
to be an in situ contaminant and not one introduced by past waste disposal practices (USACE,
1993). Table 5-8 contains the frequency of each metal above background, range of concen-
trations, average concentration, and location of the maximum concentration.

Thirteen organic compounds were detected in the trench soil samples. The organic com-
pounds were found sporadically throughout the landfill site. Total xylene, toluene,
2-butanone, and acetone were detected in the majority of the trench samples. Total xylene
was detected at 170,000 micrograms per kilogram (pg/kg) in trench boring L6-1 and was
found in lower concentrations in 14 other samples. Toluene was found in 13 samples with
the highest concentration of 9,100 pg/kg. Acetone was found in 9 samples and 2-butanone in
13 samples. Other organic compounds detected in the trench samples included 4-methyl-2-
pentanone, ethyl benzene, bis(2-ethylhexyl)phthalate, methylene chloride, 2-hexanone,
trichloroethene, tetrachloroethene, chlorobenzene, and naphthalene. Bis(2-ethylhexyl)phthalate
concentration in one sample (L6-4) exceeded the SWMU CAL of 50 mg/kg. Table 5-9
contains the frequency of these organics, range of concentrations, average concentrations, and
location of maximum concentrations.

5.3 Groundwater Characterization

5.3.1 RI Results

The USZ includes both the groundwater encountered within the landfill trenches and the
phreatic groundwater surrounding the landfill. The quality of the groundwater within the
landfill trenches and within the surrounding aquifer are discussed in the following paragraphs.

Landfill Trench Water. Five samples of the groundwater encountered while installing the
RI trench borings were anzalyzed to determine the quality of the water in the landfill cells.
The samples were taken from trench borings L6-3, L6-5, L6-11, L6-13, and L6-17. A
summary of chemical compounds found in the samples is contained in Table 5-3. Full
sample results are available in the USACE 1993 RI report.

Metals were detected in each of the samples. Barium was detected in four samples, with an
average concentration of 4,450 micrograms per liter (pg/l.). Cadmium was detected in all
the samples, with an average concentration of 102.5 pug/l.. Nickel was detected in each of the
samples, with an average concentration of 622 pug/l.. Chromium was detected in three
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samples with an average concentration of 130.6 pg/L.. Lead was detected in all samples with
an average concentration of 277.8 pg/L.. Cadmium concentrations exceeded the MCL of
0.005 milligrams per liter (mg/L) in five samples; lead concentrations exceeded the MCL of
15 mg/L in five samples; and chromium concentrations exceeded the MCL of 10 mg/L in one
sample.

Several VOCs and SVOCs were detected in the landfill trench water. Methylene chloride and
toluene were detected in four of the five samples, while 2-butanone, 4-methyl-2-pentanone,
and 4-methyl phenol were detected in three of the five samples. Several other compounds
were detected sporadically throughout the site. Table 5-10 contains the frequency of
occurrence of each compound, the maximum concentration, and the location of the maximum
concentration. Methylene chloride concentrations exceeded the SWMU CAL of 5 mg/L in
three samples; acetone concentrations exceeded the SWMU CAL of 4000 mg/L in one
sample; trans-1,2-dichloroethene concentrations exceeded the MCL of 100 mg/L in one
sample; 1,2-dichloropropane concentrations exceeded the MCL of 5 mg/L in three samples.

Upper Saturated Zone. The quality of the USZ groundwater in the vicinity of Landfill 6
was determined by laboratory analysis of groundwater from up to 14 site monitoring wells
(not all wells were sampled for each sampling event) during the period of 1986 to 1992
(Table 5-4). The results of the laboratory analysis of the samples indicate the presence of
some metals, VOCs, and SVOCs above the MCLs and SWMU CALs. The majority of con-
tamination is found to be in the western portion of the landfill site. A summary of the
predominant chemical constituents with their frequency of occurrence is provided in Table
5-11.

Metals. The predominant metal contaminants are arsenic, barium, cadmium, lead, and
nickel. Barium exhibits the highest concentration levels than all the other detected metals.
The maximum concentration was detected in monitoring well MW-37 at 26,000 pg/L, 13
times above the MCL value of 2,000 pg/l.. The high concentration of barium may be
naturally occurring, due to the migration of groundwater through the sandstone stratum (often
called the Oklahoma Rose Rock), which leaches barium sulfate.

Other metallic constituents detected above their respective MCLs include: arsenic, cadmium,
lead, and nickel with maximum concentration levels of 250 pg/L, 51 pg/L, 120 pug/L, and
2,350 ug/L respectively (Table 5-4). Arsenic was in highest concentration in monitoring well
MW-53, located on the north side of the landfill. The concentration of arsenic in this well
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Table 5-11

Frequency of Chemical Constituents in 1986 through 1988, 1989, 1991, and 1992
USZ Groundwater Samples
SWMU-1, Landfill 6, Tinker AFB

(Page 1 of 2)

Average
No. Detected/ Range Concentration Location of
Compound No. Sampled (ng/L) (rg/L) Maximum
Metals
Arsenic 38/57 1.0-520 36.6 53
Barium 55/57 40.2-26000 4345 37
Cadmium 13/57 5-51 13.9 53
Chromium 23/57 5.2-79 26.4 63B
Mercury 6/57 0.1-0.43 <0.1 31
Lead 27/57 1.3B-120 34.3 53
Nickel 24/57 30-1100 276.2 37
Selenium 19/57 0.16-3.7 1.3 558
Silver 1/57 13 13 30
Zinc 32/57 7-1200 142.6 53
Volatiles
1,1-Dichloroethane 24/57 3-89 19.6 31
1,2-Dichloroethane 2/57 3-7 5 31
Acetone 14/57 4.0J-2500.0E 3114 12
Benzene 20/57 0.8-94 10.6 56B
Cis-1,2-dichloroethene 4/57 2-180E 47.8 39
Ethyl benzene 15/57 1.0J-45J 18.3 12
Methylene chloride 31/57 0.6B-120 16.1 57B
Toluene 21/57 0.5-130 155 12
Trichloroethene 21/57 0.6B-24 6.7 39
Xylene 18/57 0.5-88 18.9 30
Semivolatiles
1,4-Dichlorobenzene 20/57 0.5-61 16.8 37
Bis(2-ethylhexyl)phthalate 21/57 1.04-24000 1,160.7 37
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Table 5-11

(Page 2 of 2)

Average
No. Detected/ Range Concentration Location of
Compound No. Sampled {ng/L) (ng/L) Maximum
Bis(2-chloroethyl)ether 2/57 76-96 86 37
Diethyl phthalate 23/57 2.0J-130 33.6 37
Di-n-octyl phthalate 16/57 0.8J-21 7.1 31

B = Analyte found in associated blank as well as in sample.
E = Estimated value - samples were analyzed after holding time had expired.

J = Presence of analyte is reliable; value shown is estimated quantity.
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was ten times above the MCL value of 50 pg/L.. Another well in which arsenic was detected
above the MCL was MW-30, also located on the north side of the landfill. Cadmium and
lead were also detected in highest concentrations in monitoring well MW-53. The maximum
concentrations were ten and eight times above the MCL values of 5 pg/LL and 15 pg/L
respectively. Other wells in which cadmium was detected above MCL include: MW-12,
MW-30, MW-31, MW-37, and MW-57B. Except for MW-57B, these wells are all located
within the landfill area. Nickel was in highest concentration in a sample collected from MW-
37, located on the western side of the landfill. The concentration of nickel in this well was
11 times the MCL. Other wells that exhibited nickel levels above the MCL include: MW-
12, MW-30, MW-31, MW-53, MW-55B, MW-57B, MW-63B, and MW-65B (Table 5-4).

Of the metals analyzed in samples taken in 1994 from monitoring well MW1-18S, located
upgradient of the landfill, only barium was detected at a concentration of 73.7 pg/L, well
below the MCL value of 2,000 ug/L. Two monitoring wells, MW-63B and 65B, located
about 500 feet downgradient of the landfill exhibited nickel levels above the MCL. Other
metallic constituents in these wells were either below the instrument detection limit or below
the MCLs.

Organics. Several organic compounds were detected in the USZ groundwater at various
concentration levels throughout the site (Table 5-4). Some of these compounds were detected
only once out of the five times a well was sampled, while others were more frequently
detected. Of the detected compounds, the following are considered to be predominant
constituents due to their frequency of detection and concentration levels: 1,1-dichloroethane,
cis-1,2-dichloroethene, 1,2-dichloroethene, 1,2-dichlorobenzene, benzene, bis(2-
chloroethyl)ether, bis(2-ethylhexyl)phthalate, dichlorofluoromethane, di-n-octyl phthalate,
methylene chloride, tetrachloroethene, trichloroethene, and vinyl chloride.

Out of the detected compounds, 1,2-dichloroethene, benzene, tetrachloroethene, trichloro-
ethene, and vinyl chloride are considered to be significant contaminants. These compounds
have been identified as significant contaminants because they were detected at concentrations
above the MCLs and/or SWMU CALs. 1,2-Dichloroethane was detected in monitoring well
MW-31, located within the landfill area, at a concentration level of 7 pg/L.,, above the MCL
of 5 ng/L. Benzene was detected in five monitoring wells ( MW-12, MW-30, MW-53, MW-
56B, and MW-66B) at concentrations above the MCL value of 5 pug/L.. The maximum
concentration was detected in a sample collected from monitoring well MW-56B at 84 pg/L,
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about 16 times the MCL. This well is located on the east side of the landfill area. Tetra-
chloroethene was detected above the MCL value of 5 pg/L in only one monitoring well, MW-
39. The concentration of tetrachloroethene in this well was up to 11 pug/L.. Trichloroethene
was detected in four wells at concentration levels above the MCL level of 5 ug/L.. The
highest concentration was in monitoring MW-39 located within the landfill area. The
maximum concentration of trichloroethene in this well was at 24 ug/L, about 5 times above
the MCL. Other wells that exhibited trichloroethene levels above the MCL include MW-12,
MW-56B, and MW-57B. Figure 5-1 depicts the distribution of trichloroethylene in the USZ
for the sampling conducted in 1994. The figure shows high concentrations of trichloroethyl-
ene mainly in two monitoring wells, MW-39 and MW-56B. Analytical data from previous
sampling of these two wells have consistently been above the action level (Table 5-4).

Vinyl chloride was detected in several wells at concentration levels above the MCL value of
2 pg/L. The highest concentration was in monitoring well MW-39, located within the landfill
area, on the south side. The concentration of vinyl chloride in this well was at 130 pg/L, 65
times above the MCL. Other monitoring wells having vinyl chloride levels above the MCL
include: MW-12 at 63 pg/L, 31 times the MCL; MW-31 at maximum concentration of 15
pg/L, 6 times the MCL; MW-37 at 4 ug/L, 2 times the MCL; and MW-57B at 10 ug/L, 5
times the MCL. Cis-1,2-dichloroethene was detected in only one monitoring well (MW-39)
above the SWMU CAL value of 70 pg/L.. The concentration of cis-1,2-dichloroethene in this
well was at 180 pg/L, about 2 times the SWMU CAL. Bis(2-chloroethyl)ether was detected
in one monitoring well, MW-37, and showed a maximum concentration of 96 pg/L,
considerably above the SWMU CAL value of 0.03 pg/L. Bis(ethylhexyl)phthalate was
detected in several monitoring wells at levels higher than the SWMU CAL. The highest
concentration was detected in MW-37 at 24,000 pg/L, 8,000 times the SWMU CAL value of
3 pug/L. Other monitoring wells that exhibited concentration levels above the CAL include:
MW-12 at 230 pg/L., MW-30 at 10 pug/L, MW-31 at 10 pg/L, MW-39 at 14 pg/L., MW-53 at
20 pg/L, MW-56B at 4 pg/L, MW-55B at 8 pg/L, and MW-67B at 36 pg/L. Methylene
chloride was detected in several monitoring wells, with the highest concentration levels being
from well MW-57B at 120 pg/L, 24 times the CAL value of 5 pug/l.. Other monitoring wells
that exhibited levels of methylene chloride above the CAL include: MW-12, MW-30, MW-
39, MW-53, MW-55B, and MW-56B.
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Lower Saturated Zone

Metals. Samples from 13 monitoring wells were analyzed during the period from 1986 to
1992 in order to determine the chemical quality of the LSZ at Landfill 6 site. Some of the
wells did not produce sufficient water to be sampled during this period; as a result they were
sampled only once or twice. Metals detected at significant concentrations include barium,
cadmium, chromium, lead, and nickel. Barium concentrations exceeded the MCL value of
2,000 pg/L in two samples collected from monitoring wells, MW-26 and MW-38. As
previously discussed, higher concentrations of barium could be caused by migration of
groundwater through the sandstone stratum (Oklahoma Rose Rock) containing barium sulfate,
which is common in the area. Cadmium concentration exceeded the MCL of 5 pug/L in four
samples collected in monitoring wells MW-26, MW-28, and MW-38. Chromium concentra-
tion exceeded the MCL of 100 pg/L in two samples collected from monitoring wells MW-26
and MW- 63A. Lead concentration exceeded the MCL value of 15 pg/L in 12 samples
collected from several monitoring wells. The highest concentration of 280 pg/L. was in a
sample collected from monitoring well MW-26. Nickel concentration exceeded the MCL
value of 100 pg/L in five samples. The highest concentration of 2,350 pug/LL was in a sample
collected from monitoring well MW-66A.

Organics. VOCs and SVOCs were also detected sporadically throughout the site in the
LSZ. The LSZ contains much lower concentrations of VOCs and SVOCs than the USZ.
Methylene chloride concentrations exceeded the SWMU CAL of 5 pg/L in ten samples. The
concentrations were as much as 18 pg/L in monitoring well MW 63A. Several sample blanks
contained low concentrations of methylene chloride, which is a common laboratory contami-
nant. The presence of methylene chloride is not considered significant. Trichloroethylene
was detected above the MCL value of 5 pug/L in eight samples collected from several wells.
The highest concentration was 41 pg/L detected in monitoring well MW-38. This well is
located in the southern part of the landfill area. Benzene concentrations exceeded the MCL
value of 5 pg/L in eight samples. The maximum concentration of 89 pg/L. was detected in
monitoring well MW-56A. This well is located on the southeast corner of the landfill area.

Bis(ethylhexyl)phthalate was detected in 12 samples at concentrations exceeding the SWMU

CAL of 3 pug/L.. The maximum concentration of 100 pug/L. was detected in monitoring well
MW-57A, located on the east side of the land fill area.
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A summary of the primary chemical constituents with the frequency of occurrence is listed in
Table 5-12.

5.3.2 Focused RI Results

The focused RI activities (CDM, 1993) were performed to determine if a source or sources
upgradient of Landfill 6 could be responsible for elevated levels of chloride, sulfate, and TDS
found within the boundary of the landfill. A general assessment of these analytes and
groundwater flow patterns in the USZ concluded that hypothesized sources located east-
northeast of the landfill were not responsible for elevated concentrations of chloride in
groundwater from the southwest corner of the landfill. Analytical results are presented in
Table 5-6.

Lower sulfate levels east-northeast of the landfill indicated the source of elevated sulfate
concentrations in groundwater from within the southeast boundary of the landfill did not come
from the northeast. It is possible that the elevated sulfate levels within the landfill could be
due, in part, from a common source located south-southeast of both wells or from local
variations in mineralogy of the aquifer materials. However, it cannot be specifically
determined whether the high sulfate levels in these areas are related.

Elevated chloride and TDS concentrations were found in the deep wells underneath the
southeast corner of the landfill. These higher concentrations imply vertical migration from
the upper to the lower aquifer in areas underlying the southeast corner of the landfill. It
appears that the landfill is the source of elevated levels for these ions in the lower aquifer.
Gaps, minute cracks, or fissures may be present in the aquitard separating the two aquifers.
These pathways, or other conduits, could serve as migrating routes for ionic constituents or
other contaminants from the landfill to the lower aquifer.

Chloride concentrations in samples taken from wells located in the USZ north and east of the
landfill were much lower than concentrations in samples from wells located in the southwest
corner of the landfill. The source of elevated chloride in the landfill area is most likely waste
material buried within the landfill trenches.

The results of the focused RI lead to the following conclusions:
* USZ groundwater within the landfill originates from the east-southeast and east-

northeast direction of the landfill. LSZ groundwater underlying the landfill
originates from the east-northeast direction of the landfill.
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Table 5-12

Frequency of Chemical Constituents in 1986 through 1988, 1989, 1991, and 1992

LSZ Groundwater Samples
SWMU-1, Landfill 6, Tinker AFB

Di-n-octyl phthalate

Average
No. Detected/ Range Concentration Location of
Compound No. Sampled (ng/L) ug/L) Maximum

Metals
Arsenic 31/45 1-12 3.3 56A
Barium 42/45 51-19000 1046.3 26
Cadmium 5/45 5-15 104 26
Chromium 18/45 5.5-590 66.1 63A
Mercury 2/45 0.12 0.12 38
Lead 16/45 1.0B-280 459 26
Nickel 14/45 9.8B-2350 2479 66A
Selenium 15/45 0.4-3.4 1.5 63A
Zinc 28/45 10-220 74 26
Volatiles
Methylene choride 22/45 0.6-18.0B 6.3 63A
Acetone 2/45 24-720 372 38
Trichloroethene 16/45 1.0-41 10.0 38
Benzene 12/45 1.0-89E 211 56A
Toluene 9/45 0.5-17 2.8 38
Semivolatiles
1,4-Dichlorobenzene 3/45 0.5-45 15.5 36
Bis(2-ethylhexyl)phthalate 15/45 2.0J-100.0B 245 57A

10/45 0.8J-13 5.1 38
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« Chloride and TDS concentrations in groundwater northeast and east of the
landfill are lower than those found at the landfill. Therefore, it is unlikely that
the source of elevated levels of these constituents at the landfill originated from
the northeast and east directions.

» Elevated levels of chloride and TDS in the LSZ underlying the landfill seem to
be a product of vertical migration from these landfill constituents.

» The similarities between both sets of data indicate that the data taken during the
first sampling effort were probably valid. However, the completeness of the
second data set gives defensibility to the RI because the data can be considered
quantitative.

5.3.3 Groundwater Monitoring Program

Thirteen monitoring wells around Landfill 6 were sampled under the 1994 long term ground-
water monitoring program. Of interest are the five monitoring wells (MW-63, MW-64, MW-
65, MW-66, and MW-67) located on the downgradient of Landfill 6. Most of the target
analytes in these wells were below the detection limit. Some of the monitoring wells in the
USZ exhibited isolated hits of the constituents (above the action levels) of concern. Monitor-
ing wells 63B and 67B had concentration levels of nickel at 719 pug/L and 105 pg/L, respect-
ively, above the MCL of 100 pg/L.

The presence of constituents of concern above the action levels in the LSZ was limited to
cadmium, chromium, and nickel. Except for monitoring well MW-66A, none of the other
wells in the LSZ exhibited concentrations of the constituents of concern above the MCLs or
SWMU CALs. Monitoring well MW-66A showed concentrations of cadmium, chromium,
and nickel to be above their respective MCLs. Chromium in this well was at a maximum
concentration of 1,207 pg/L, while nickel was in highest concentration of 2,100 pg/L. The
high levels of the constituents of concern in this well is attributed to leaching of these
constituents from the turbid water upon acidification of the unfiltered sample. The turbidity
was elevated in this sample as the small volume of water in the well at the time of sampling
precluded adequate purging of the well.

Trichloroethylene, bis(2-ethylhexyl)phthalate, and dimethyl phthalate were some of the
organic compounds detected in the downgradient wells at significant concentrations during the
1994 sampling. Bis(2-ethyhexyl)phthalate was the only organic compound detected above the
action level in the USZ groundwater. Except for well MW-63B, all the downgradient
monitoring wells exhibited concentrations of bis(2-ethylhexyl)phthalate above the action level.
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The maximum concentration was 14 pg/L, detected in a sample from MW-64B. Trichloro-
ethylene was detected below the action level in the downgradient wells of the USZ.

Groundwater samples from the LSZ exhibited the presence of trichloroethylene, dimethyl
phthalate, and bis(2-ethylhexyl)phthalate at relatively high concentration. Trichloroethylene
and bis(2-ethylhexyl)phthalate were above their respective action levels (MCLs and SWMU
CALs). There is no action level for dimethyl phthalate. The highest concentration of
trichloroethylene was in well MW-66A at 27 pg/L, while that of bis(2-ethylhexyl)phthalate
was in monitoring well MW-64A at 27 pg/L.

Comparison of the 1994 data with the previous analytical data shows both an increase and a
decrease in concentration of the certain constituents of concern in the downgradient wells, but
no clear trends are evident. However, some of the downgradient wells, MW-63B, MW-64A,
MW-64B, MW-65B, MW-66A, MW-66B, and MW-67B show signs of contamination from
the landfill.

5.4 Sediment Characterization
Environmental quality of the sediment in nearby streams was determined by the chemical
analysis of six stream sediment samples. Results are given in the USACE 1993 RI report.

Arsenic, barium, lead, nickel, selenium, and zinc were detected in all of the sediment samples.
Except for selenium, all the detected metallic constituents were below the background
concentration levels. Cadmium was detected near the detection limit in only two samples,
while it was below detection in the remaining four samples. Selenium was detected above the
background concentration in all the samples. The range of concentrations for selenium was 6
to 30 mg/kg.

Methylene chloride and acetone were detected in samples taken from Elm Creek to the west.
Samples SS-1, SS-2, SS-3, had methylene chloride concentrations of 8, 12, and 8 pgkeg,
respectively. Acetone was detected in sample SS-1 with a concentration of 28 pg/kg. Table
5-13 contains the frequency of occurrence of each constituent, the maximum concentration,
and the location of the maximum concentration.
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6.0 Potential Receptors

A specific potential human and ecological receptor search has not been performed for Landfill
6. Data are available in the form of chemical analysis of soils, groundwater, and sediments;
current and future uses of these media; and ecologic and demographic information necessary
to initiate a potential receptors search. The following sections describe the data available to

begin identification of potential receptors.

6.1 Human Receptors

Tinker AFB is situated on a relatively flat expanse of grassland. Prior to the development of
the Base, the area was characterized by large tracts of agricultural land. The Base currently
occupies approximately 5,000 acres of semi-improved and unimproved grounds that are used
for the airfield, golf course, housing area, offices, shops, and other uses characteristic of

military installations.

The Garber-Wellington aquifer, which underlies Tinker AFB, is the single most important
source of potable groundwater in the Oklahoma City area. The recharge area for the Garber-
Wellington aquifer covers the eastern half of Oklahoma County, including Tinker AFB.
Approximately 75 percent of the Base’s water supply is obtained from production wells
pumping from this aquifer. Industrial operations, individual homes, farm irrigation, and small
communities not served by municipal distribution systems also depend on the Garber-
Wellington aquifer. Communities, such as Oklahoma City, presently depending upon surface
water supplies also maintain a well system drilled into this aquifer as a standby source of
water in the event of drought. Lake Stanley Draper, a local surface water supply reservoir
with a small portion of its drainage basin within the boundaries of Tinker AFB, serves a

significant recreational function as well.

In 1989, approximately 26,000 military and civilian personnel worked at Tinker AFB. Of
these, approximately 2,722 personnel occupied on-Base housing, which consisted of 530
family housing units and seven dormitories. At that time, 1,262 of these residents were
children. Military personnel and their families who reside on Base represent the nearest

receptors to releases from Tinker AFB.

The current land use at and near the Base is not expected to change because the facilities

have decades of useful life remaining and the Base has an important and continuing mission.
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However, other future land use scenarios and any human receptors associated with those

scenarios may need to be considered.

6.2 Ecological Receptors

Tinker AFB lies within a grassland ecosystem, which is typically composed of grasses, forbes,
and riparian (i.e., trees, shrubs, and vines associated with water courses) vegetation. This
ecosystem has generally experienced fragmentation and disturbances as result of urbanization
and industrialization at and near the Base. While no threatened or endangered plant species
occur on the Base, the Oklahoma penstemon (Penstemon oklahomensis), identified as a rare
plant under the Oklahoma Natural Heritage Inventory Program, thrives in several locations on
Base. Tinker AFB policy considers rare species as if they were threatened or endangered and
provides the same level of protection for these species.

In general, wildlife on the Base is typically tolerant of human activities and urban environ-
ments. No federal threatened or endangered species have been reported at the Base.
However, one specie found on the Base, the Texas homed lizard (Phrynosoma cornutum), is a
Federal Category 2 candidate specie and under review for consideration to be listed as
threatened or endangered. Air Force policy (AFR 126-1) considers candidate species as
threatened or endangered and provides the same level of protection.

The Oklahoma Department of Wildlife Conservation also lists several species within the state
as Species of Special Concern. Information on these species suggests declining populations
but information is inadequate to support listing, and additional monitoring of populations is
needed to determine the species status. These species also receive protection by Tinker AFB
as threatened or endangered species. Of these species, the Swainson’s hawk (Buteo swainso-
ni) and the burrowing owl (Athene cunicularia) have been sighted on Tinker AFB. The
Swainson hawk, a summer visitor and prairie/meadow inhabitant, has been encountered
Basewide. The burrowing owl has been known to inhabit the Air Field at the Base.
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7.0 Action Levels

An "action level" is defined by EPA in proposed rule 40 CFR 264.521 (55 FR 30798;
7/27/90), "Corrective Action for Solid Waste Management Units (SWMU) at Hazardous
Waste Management Facilities," as a health- and environment-based level, determined by EPA
to be an indicator for protection of human health and the environment. In the preamble to
this proposed rule, the focus of the RFI phase is defined as "characterizing the actual environ-
mental problems at the facilities." As part of this characterization, a comparison of the
contaminant concentrations to certain action levels should be made to determine if a signifi-
cant release of hazardous constituents has occurred. This comparison is then used to
determine if further action or corrective measures are required for a SWMU or an AOC. The
preamble to the proposed rule states that the concept of action levels was introduced because
of the need for "a trigger that will indicate the need for a Corrective Measures Study (CMS)
and below which a CMS would not ordinarily be required” (55 FR 30798; 7/27/90). If
constituent concentrations exceed certain action levels at a SWMU or an AOC, further action
or a CMS may be warranted; if constituent concentrations are below action levels, a finding
of no further action may be warranted. This chapter of the report presents the initial
analytical data as compared to certain potential action levels.

Action levels are concentrations of contaminants at or below which exposure to humans or
the environment should not produce acute or chronic effects.

The action level information is presented in this chapter so that a constituent concentration at
a sample location can be compared with its potential action level. Only constituents identi-
fied in the analysis are listed in the SWMU-1, Landfill 6 table. Table 7-1 shows the action
levels for soil, water, and air as published in federal or state regulations, policies, guidance
documents, or proposed rules.

The action levels listed in Table 7-1 are:
- SWMU Corrective Action Levels (CAL) - The first set of action levels
provided in the table are those taken from the proposed rule (40 CFR 264.521)

and provided as Appendix A to the rule as "Examples of Concentrations Meeting
Criteria for Action Levels." These levels are health-risk based and are provided
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Table 7-1

Action Levels
SWMU 1, Landfill 6, Tinker AFB

(Page 1 of 2)

SWMU USGS®
CAL? MCL® | Background | NAAQSY | wQs®
Soil Water Air Water Soil Air Water
Parameters (mg/kg) (mg/L) (mgm®) | (mgl) | (mgkg) | (ugm®) | (mgl)
Organics
1,2-Dichlorobenzene 0.6
1,2-Dichloroethane 8.0 0.04 0.005
1,2-Dichloropropane 0.005
1,2,4-Trichlorobenzene 2000 0.7 10 0.07
1,3-Dichlorobenzene 0.6
1,4-Dichlorobenzene 0.075
Acetone 8000 4.0
Benzene 0.005 0.714
Bis(2-chloroethyl)ether 0.6 3.0x10° 0.003
Bis(2-ethylhexyl)phthalate 50 0.003 0.006
Chlorobenzene 2000 0.7 20 0.1
Cis-1,2-dichloroethene 8.0 0.04 0.07
Di-n-octyl phthalate
Dichlorodifluoromethane 20000 7.0 200
Diethyl phthalate 60,000 30
Ethyl benzene 8000 4.0 0.7 28.720
Methylene chloride 90 0.005 0.3 0.005
n-Nitrosodipropylamine 0.1 5.00 x 106
Phenol 50,000 20 4615
Tetrachloroethene 10 0.0007 1.0 0.005
Toluene 20,000 10 7000 1.0 3019
Trans-1-2-dichloroethene 8 0.04 0.1
. Trichloroethene 60 0.005
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Table 7-1

(Page 2 of 2)
SWMU USGS®
CAL? MCL® | Background | NAAQS? | was®
Soil Water Air Water Soil Air Water
Parameters (mg/kg) (mg/L) (ng/m®) (mg/L) (mg/kg) (ngm® | (mg/L)
Organics (Continued)
Vinyl chloride 0.002
Xylenes (total) 2.00 x 10° 70 1000 10.0